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FOREWORD 

This report summarizes the materials selected and tests 

that have' been performed on Contract NAS 4-1009. 

and data presented have been removed i n  part from the  monthly 

progress r epor t s  and t'est r epor t s  t h a t  have been submitted throughout 

the  course of the program. A l l  d e t a i l  data are referenced t o  r e p o r t s  

and tes t  spec i f ica t ions  submitted during the program. 

t i t l e  listing of t h e  r epor t s  is given I n  Section VIff. 

The information 

A number and 
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I INTRODUCTION 

The program o b j e c t i v e s  were t o  conduct t h e  necessa ry  material 

e v a l u a t i o n s  a n d  s e l s c t  t h e  most p r a c t i c a l  e l a s t o m e r i c  s i l i c o n e  

base  materials t o  provide a the rma l  p r o t e c t i o n  system for t h e  

Kach 8 X-15-2 a i r p l a n e .  

Ai.! t h e  t ime of program i n i t i a t i o n  t h e  Mart in  Company had 

devoloped and f l i g h t  t e s t e d  a s p r a y a b l e ,  room tempera ture  c u r e ,  

e l a s t o m e r i c  s i l i c o n e  a b l a t i v e  mater ia l ,  des igna ted  NA-25s. 

Program requi rements  were t o  r e f i n e  t h e  a p p l i c a t i o n  t echn iqups ,  

perform necessa ry  m a t e r i a l  p roper ty  a n d  t h e r m a l  performance t e s t s  

a n d  d e r i v e  t h e  system des ign .  Necessa r i ly  o t h e r  m a t e r i a l s  were 

r e q u i r e d  f o r  p r o t e c t i o n  of l e a d i n g  edges,  antennafi, herd  p o i n t  o r  

b e a r i n g  l o c a t i o n s ,  e t c . ,  on the  a i r p l a n e .  The re fo re ,  material 

s e l e c t i o n  t e s t s  were conducted f o r  these  s p e c i f i c  a r e a s  t o  complete  

t h e  design. 

T h i s  r e p o r t  s e r v e s  as a summary of t h e  materials s e l e c t e d ,  

t a s k s  performed, and t y p i c a l  r e s u l t s  o b t a i n e d  for the design of 

t h e  thermal  p r o t e c t i o n  system f o r  t h e  Mach 8, X-15-2 a i r p l a n e .  

. 
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11. MATERIALS SZLECTION 

Thi f i  s e c t i o n  p rov ides  a l3st of t h e  materials s e l e c t e d  for 

t h e  thermal  p r o t e c t i o n  system, t h e i r  a p p l i c a t i o n  and a b r i e f  

d e s c r i p t i o n  of t h e  material and  o r i g i n .  

A. Primary Heat S h i e l d  Material 

A p r o p r i e t a r y  m a t e r i a l ,  MA-25S. developed by t h e  Mar t in  

Company w a s  s e l e c t e d  as t he  primary a b l a t i v e  m a t e r i a l  which 

was t o  be employed over  the  g r e a t e r  p o r t i o n  of  t h e  X-15-2 

B t r u c t u r e .  T h i s  m a t e r i a l  i s  a s p r a y a b l e ,  room tempera te  

c u r i n g  e l a s t o m e r i c  s i l i c o n e  base m a t e r i a l .  The base  m a t e r i a l  

cons i f i t s  of  a vinyl’ curing methyl-phenyl po lys i loxane  polymer. 

The base r e s i n  i s  compounded w i t h  v a r i o u s  f i l l e r  materials 

t o  improve a b l a t i v e  performance a n d  s u i t a b l e  s o l v e n t s  t o  

c o n t r o l  c u r e  r a t e  a n d  lower  v i s c o s i t y  f o r  s p r a y  a p p l i c a t i o n .  

When p rope r ly  FPOCeSSed thc  m a t e r i a l  can be a p p l i e d  u t i l i z i n g  

conven t iona l  s p r a g  type  equipment. 

B. Leading Edge M a t e r i a l s  

The l e a d i n g  edge m a t e r i a l  s e l e c t e d ,  ESA-3560 11-A, w a s  

p r i m a r i l y  developed for t h e  Mart in  PRIME L i f t i n g  Body Program. 

P rev ious  a p p l i c a t i o n s  of t h i s  material used  a honeycomb c o r e  

r e in fo rcemen t  which could no t  be adap ted  t o  t h e  small r a d i i  

l e a d i n g  edges  of  t h e  X-15-2, The re fo re ,  t h e  b a s i c  f o r m u l a t i o n  

w a s  s l i g h t l y  modi f ied  by compounding asiJica f i b e r s  i n t o  t h e  

material t o  p rov ide  re inforcement  i n  l i e u  of  t h e  honeycomb. 

a round and f l i g h t  t e s t s  on t h e  X-15-2 v e r i f i e d  t h e  e e l e c t i o n  

of  the ESA-3560 11-A  material f o r  l e a d i n g  edge appl icat ionas.  



T h i s  m a t e r i a l  c o n s i s t s  of an e l e v a t e d  tempera ture  v i n y l  

c u r i n g  methyl-phenyl po lys i loxane  r e s i n  w i t h  a p p r o p r i a t e  

f i l l e r s  a n d  r e i n f o r c i n g  media f o r  compression molding t o  

l e a d i n g  edge c o n f i g u r a t i o n s .  

C. Adhesive a n d  Hard Point  M a t e r i a l  

The Dow Corning DC 93-027 room tempera ture  c u r i n g  s i l i c o n e  

e las tomer  w a s  chosen as  t h e  l e a d i n g  edge adhes ive  and t rowel -  

able m a t e r i a l  f o r  nard  poin t  a p p l i c a t i o n s .  C e r t a i n  l o c a t i o n s  

on t h e  a i r p l a n e  were s u b j e c t  t o  b e a r i n g  loads which t h e  MA-25S 

m a t e r i a l  cou ld  not  wi ths tand  without  mechanical  degrada t ion .  

The re fo re ,  t h e r e  was a need for a modif ied a b l a t o r  f o r  t h e s e  

l i m i t e d  areas. Rather  than modifying o r  deve loping  an 

e f f i c i e n t  a b l a t i v e  Ina t e r i a l  f o r  t h e s e  l o c a t i o n s ,  a commer- 

c i a l l y  a v a i l a b l e  m a t e r i a l  w a s  s e l e c t e d  for use.  During the 

courae  of t h e  hard  po in t  m a t e r i a l  s e l e c t i o n  t e s t s  t h e  

DC 93-02? was determined t o  be a good adhes ive  and w a s  

u l t t m a t e l y  s e l e c t e d  f o r  t h e  l e a d i n g  edge bond m a t e r i a l .  

The DC 93-027 is commercially a v a i l a b l e  from Dow Corning 

Aerospace M a t e r i a l s  Divis ion.  

D. Top Coat M a t e r i a l  

The DC 90-090 sp rayab le ,  s i l i c o n e  s e a l a n t  w a s  s e l e c t e d  a s  

t h e  t o p  c o a t  material. During t h e  program development i t  w a s  

determined t h a t  t h e  a b l a t i v e  materials employed r e q u i r e d  an 

o v e r c o a t  or wear l a y e r  t o  minimize a b r a s i o n .  This material 

when a p p l i e d  i n  a cont inuous  f i l m  i m p a r t s  impact re6i8tance 

( t o  l i q u i d  oxygen) and seals t h e  e u r f a c e  t o  p o s s i b l e  fluid 
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a b s o r p t i o n  i n  a d d i t i o n  t o  improving s u r f a c e  a b r a s i o n  

r e s i s t a n c e .  

The t i t a n i u m  d iox ide  pigmented s i l i c o n e  Realan t  

DC 90-090 i s  commercially a v a i l a b l e  from ?)ow Corning 

Aerospace M a t e r i a l s  Division. 

111. APPLICATION PROCESS DZVELOPMENT -- MA-25S 

A p r e l i m i n a r y  a p p l i c a t i o n  p r o c e s s  f o r  l a r g e  s c a l e  equipment w a s  

i n i t i a l l y  de f ined  and l a r g e  i n c o n e l  shee t s  were sprayed  i n  v e r t i c a l  

p o s i t i o n s  t o  v e r i f y  t h e  t h i c k n e s s  c o n t r o l ,  d e n s i t y ,  c u r e  tfrne, hard- 

n e s s  and g e n e r a l  p r o p e r t i e s  o f  t h e  MA-25s m a t e r i a l .  

t h e  MA-25S c o m p a t i b i l i t y ,  mechanical,  t he rma l  and a b l a t i o n  t e s t  

At t h i s  stage 

models were f a b r i c a t e d  by t h i s  p r o c e s s  t o  meet t h e  r equ i r emen t s  of 

t h e  r e s p e c t i v e  t e s t  s p e c i f i c a t i o n s  XR-1, XR-2, XR-3 and XR-4. 

A d d i t i o n a l  p r o c e s s  e v a l u a t i o n 8  were conducted  when i t  w a s  

de te rmined  t h a t  some b l i s t e r s  and  s l i g h t  d e l a m i n a t i o n s  i n  t h e  MA-25S 

m a t e r i a l  had been no ted  a f t e r  t h e  f i r s t  f l i g h t  t e s t  on t h e  X-15-2 

a i r c r a f t .  To remedy t h i s  c o n d i t i o n  a program was i n i t i a t e d  t o  

e v a l u a t e  v a r i o u s  s p r a y  c o a t i n g  t echn iques .  T e s t  p a n e l s  were 

p repa red  and t e s t e d  i n  t h e  Martin Radiant  Heat Fac i l ' i ty .  

Nine p a n e l s  were sprayed  w i t h  t h e  f o l l o w i n g  v a r i a t i o n s  i n  

s p r a y  procedures :  

TABLE 1 

P a n e l  No. A p p l i c a t i o n  Method 

1 Sprayed t o  0.125 t h i c k n e s s  w i t h  approx ima te ly  5 
minu tes  between s p r a y  coats. 

2 Sprayed 0.062 inched  t h i c k  and  c u r e d  16 hourrr. 
Sprayed w i t h  heptane  u n t i l  w e t  t h e n  an a d d i t i o n a l  
0.063 in .  t h i c k n e s 8 , o f  HA-2gS wad a p p l i e d .  

-. ' 
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TABLE 1 (Cont 'd )  

. 

Pane l  No. Appl ica t ion  Elethod 

4 

Sprayed 0.062 i n c h  t h i c k  and cu red  16 hours. 
The MA-25S s u r f a c e  w a s  sanded w i t h  No. 60 g r i t  
sandpaper and an a d d i t i o n a l  0.063 c o a t i n g  of 
MA-25S w a s  app l i ed .  

Sprayed 0.062 i n c h e s  t h i c k  and cu red  16 hours.  
A c o a t i n a  o f  c l e a r  s i l i c o n e  r e s i n s  t h inned  w i t h  
heptane  was aFp l i ed  and a l lowed t o  dry  5 minutes.  
An a d d i t i o n a l  0.063 i n c h  t h i c k  c o a t i n g  of  MA-25S 
w a s  app l i ed .  

Sprayed O.fiGp i n c h e s  t h i c k  a n d  cu red  16 hours.  
The MA-2421 s u r f a c e  w a s  c o a t e d  w i t h  A1200 p r imer ,  
a l lowed t o  d r y  one hour then  0.063 i n c h e s  of 
MA-25s w a s  applieri. 

Spraycd'0.063 i n c h e s  t h i c k  a n d  c u r e d  16 hours.  
Sprayed an  a d d i t i o n a l  0.063 i n c h e s  of MA-25s 
w i t h  no t r ea tmen t  or sandinE of t h e  cu red  material. 

7 Sprayed 0.125 i n c h e s  of  MA-25.5 and cu red  f o r  16 
hour s ,  followed by a n o t h e r  0.125 t h i c k n e s s  of 
MA-25S 

8 .  Sprayed 0.060 i n c h e s  of MA-25s and c u r e d  16 hour s  
fo l lowed by ano the r  0.190 t h i c k n e s s  of  MA-25s. 

9 Same as Panel  8 excep t  t h e  pane l  w a s  sp rayed  w i t h  
wh i t e  s i l i c o n e  p a i n t  a f t e r  t h e  MA-25s had cured. 

MA-25s w a s  a p p l i e d  t o  Panel 1 by s p r a y i n g  c o n t i n u o u s  c o a t s ,  

a l l o w i n g  time for t h e  s o l v e n t  t o  f l a s h  o f f  between c o a t s .  P a n e l s  2 

th rough 9, excep t  Pane l  8, were sp rayed  t o  approx ima te ly  one-half  

t h e  f i n a l  t h i c k n e s s ,  c u r e d  16 hour s ,  t h e n  t h e  MA-25S surface w a s  

t r e a t e d  as i n d i c a t e d  in Table 1 prior  t o  comple t ion  o f  t h e  MA-25S 

a p p l i c a t i o n .  

Panels 2 th rough 6 had 0.125 inches of HA-256 and  Panels 7 t h r o u g h  

9 had 0,250 i n c h e s  o f  MA-25S. 

. 



6 .  

The pane l s  were t e s t e d  i n  t h e  Mar t in  Radiant  Heat F a c i l i t y  

hv h e a t i n g  t h e  MA-25S s u r f a c e  t o  a tempera ture  o f  a1)proximately 1 6 0 0 0 ~  

and ho ld inq  t h i s  face tempera ture  u n t i l  t h e  back f a c e  of  t h e  metal 

s u b s t r a t e  reached  6 0 0 ~ ~ .  Fol1.owing t h e  t e s t s  t h e  p a n e l s  were 

s e c t i o n e d  and examined for b l i s t e r s  and de laminat ions .  

All of t h e  p a n e l s  had c h a r a c t e r i s t i c  s u r f a c e  c r a c k s  l e a d i n g  

down t o  t h e  v i r c i n  material. However, t h e s e  c r a c k s  v a r i e d  i n  s i z e ,  

t h e  e x t e n t  of t h e  c r a c n i n e  Iwing a f u n c t i o n  of  t h e  r e s i d u a l  s o l v e n t  

c o n t e n t  o f  t h e  MA-25s m a t e r i a l .  The p a n e l s  w i t h  n o  s u r f a c e  t r e a t m e n t  

between c o a t s  ( P a n e l s  1 and 6 )  were t h e  best. o f  t h e  group hav ing  a 

minimum of surface c r a c k s  and no de lamina t ions  o r  b l i s t e r s .  Pane l  3 

which WAS sanded,  d i d  n o t  show t h e  degree of  de l amina t ion  i n  t h e  

9 a d i m t  Heat T e s t  as had bean observed  i n  t h e  Plasma Arc Tes t .  

However, o b s e r v a t i o n  of  t h e  pane l  w h i l e  the  t e s t  was i n  p r o g r e s s  

i n d i c a t e d  t h a t  t h e r e  was a greater  amount of s o l v e n t s  i n  t h i s  p a n e l  

t h a n  i n  P a n e l s  1 and 6. The p a n e l s  which were sp rayed  w i t h  heptane 

and  heptane  th inned  s i l i c o n e  r e s i n  ( P a n e l s  2 and 4) b l i s t e r e d  and  

t h e  c h a r  l a y e r  de lamina ted  a n d  became comple te ly  de t ached  d u r i n g  

t h e  t es t .  Panel  5 ,  which was sprayed  w i t h  A-1200 s i l i c o n e  primer, 

h a d  s e p a r a t i o n  of t h e  c h a r  at t h e  primer l a y e r .  

Panels 7 and 8 had l a r g e r  cracks and deepe r  c h a r  t h a n  P a n e l 1  

th rough  6 due t o  t h e  greater t h i c k n e s s  of MA-2% and t h e  longer  t i m e  

r e q u i r e d  t o  r e a c h  the back face t empera tu re  of 6000~ .  

b l i s t e r i n g  o r  c h a r  de laminat ion  i n  t h e s e  panels. 

The re -was  no 

Panel 9 had t w o  

. coats  of whi te  s i l i c o n e  p a i n t  sp rayed  on the HA-25S eurface. The 
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second coat of si l icone p a i n t  blistered and peeled off during the 

test  but the f irst  coat reniained i n  place u n t i l  the heat became 

intense enough t o  igni te  the M4-25S material. 

These t e s t s  indicate that the b e s t  spray technique is one i n  

which solvent absorption and porous layers can be excluded from 

tnc Aolptive system. This can best be accomplished by e i ther  a 

continuous s?ray operation or  oy a s t ep  operation where a given 

thiCKneSS is  applied, allowed t o  cure, then the application con- 

tinued without surface treatment of the cured material. No evidence 

of laminations were observed when t h i s  technique was used. These 

conclusions were arrived a t  by exaniination of both radiant heat and 

plasma arc  test  specimens. 

. 



1'1. COMPATIBILITY TESTING 

T e s t s  were conducted,  as r e q u i r e d ,  t o  e v a l u a t e  t h e  c o m p a t i b i l i t y  

of t h c  e l a s t o m e r i c  s i l i c o n e  a b l a t i v e  materials s e l e c t e d  w i t h  t h e  

f u e l s  and f l u i d s  t h a t  t h e  a b l a t i v e  materials w i l l  p o t e n t i a l l y  come 

i n  c o n t a c t  w i t h  on t h e  X-15-7 a i r c r a f t .  

The c o m ? a t i b i l i t y  t e s t s  c o n s i s t e d  of l i q u i d  oxygen impact  t e s t s  

a n d  l i q u i d  and/or vapor  immersion exposures  i n  t h e  fo l lowing  f l u i d s :  

water, anhydrous ammonia, hydrogen peroxide  l i q u i d  and steam, l i q u i d  

and qaseous oxygen, l i q u i d  a n d  Qaseous n i t r o g e n ,  nonpetroleum base 

m n i t e  hydrau l i c  f l u i a  (Standard O i l  8515). h y d r a u l i c  f l u i d  MIL-H-5606 

a n d  gaseous helium. The t e s t s  were performed i n  accordance w i t h  

X 3 - 1  e 

A. MA-25s Compa t ib i l i t y  T e s t  R e s u l t s  

The MA-25s material waft  determined t o  be compat ib le  w i t h  

t h e  system f u e l s  and f l u i d s  wi th  t h e  fo l lowing  two excep t ions .  

1. Exposure of  t h e  MA-25S m a t e r i a l  t o  h y d r a u l i c  f l u i d s  

i s  u n d e s i r a b l e  duc t o  d isco l .ora t ion  and weight  g a i n  due 

t o  a b s o r p t i o n .  However, t h i s  is n o t  c o n s i d e r e d  d e t r i m e n t a l  

s i n c e  t h e  bond t o  metal i s  n o t  impaired.  

2. The MA-25s material .  when t e s t t d  i n  accordance  with 

#SFC spec -106~ .  "Test ing C o m p a t i b i l i t y  of Materials f o r  

L iqu id  Oxygen .Systems" w a s  found t o  be impact  s e n s i t i v e .  

Leading Edge Material, ESA-3560 1 1 - A  C o m p a t i b i .  Be 

T e s t  R e s u l t s  

The ESA-3560 1 1 - A  material was found t o  be Compatible with 

t h e  syetem f u e l s  and f l u i d s  w i t h  t h e  followin& exception and 

obse rva t ions .  



.. 

1. 

s e n s i t i v e  when t e s t e d  i n  accordance wi th  MSFC Spec-lOhA. 

The ESA-356G IT-A m a t e r i a l  was found t o  be LOX impact  

2. A c o l o r  change was noted  from exposure t o  l i q u i d  and  

~ ; ~ S ~ O U S  ammonia i n d i c a t i v e  of  a chemical  r e a c t i o n  between 

ammonia a n d  one o f  the f i l l e r  m a t e r i a l s  i n  t h e  a b l a t i v e  

m a t e r i a l .  The  r e a c t i o n  w a s  a s u r f a c e  phenomenon and .is 

no t  cons ide red  de t r imen ta l .  

3. Exposure t o  hydrau l i c  o i l s  caused uu r face  t a c k i n e s s  

a n d  a 1% weight i n c r e a s e  due t o  a b s o r p t i o n .  These 

m a t e r i a l  chanKes a r e  no t  cons ide red  s i g n i f i c a n t .  

C. H R r d  Po in t  Material, DC 93-027, C o m p a t i b i l i t y  T e s t  R e s u l t s  

The DC 93-027 c o m p a t i b i l i t y  t e s t  r e s u l t s  were e s s e n t i a l l y  

t h e  same as t h o s e  obta ined  f o r  t h e  MA-25s material. Hydraul ic  

f l u i d s  caused  d i s c o l o r a t i o n  and weight  i n c r e a s e s  which were 

n o t  s i g n i f i c a n t .  The DC 93-027 material w a s  determined t o  

be LOX impact e e n s i t i v e .  

. 
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V. LOX IMPACT TZSTING 

The g e n e r a l  c o m p a t i b i l i t y  t e s t i n g  showed a l l  t h e  e l a s t o m e r i c  

sli.l.icont? m a t e r i a l s  t o  be LOX impact s e n s i t f v e  when t e s t e d  i n  

accordance w i t h  MSFC Spec-106A at  an  impact  ' l eve l  of approxi -  

m a t e l y  77 f t - l b .  The LOX irr.Fact s e n s i t i v i t y  of t h e s c  materials 

gene ra t ed  c o n s i d e r a b l e  concern about  t h e  X-15-2 a i r c r a f t  s a f e t y .  

The fi-st c o n s i d e r a t i o n  made was t h a t  s i n c e  t h e  a b l a t i v e  

m a t e r i a l s  a r e  a n  e x t e r n a l  c o a t i n g ,  a 72 f t - l b .  impact  l e v e l  

requi rement  w a s  perhaps  t o o s t r i n g e n t .  A d d i t i o n a l  t e s t s  were 

requeoted by NASA FRC t o  determine t h e  t h r e s h o l d  l e v e l  of  impact  

s e n s j t i v i t y .  Due t o  t h s  p h y s i c a l  l o c a t i o n  a n d  l i m i t e d  u s e  of 

l e a d i n g  edge a n d  h a r d  p o i n t  m a t e r i a l s ,  t h e  bae i c  concern  w a s  

p l aced  upon t h e  pr imary hea t  s h i e l d  material, MA-25s. 

Threshold impact  l e v e l  t e s t s  in l i q u i d  oxygen were conducted 

at M a r t i n ,  Thiokol  and t h e  Southwest Research I n s t i t u t e .  The 

t e s t  r e s u l t s  from t h e  t h r e e  ~ o u r c e s  were e s s e n t i a l l y  t h e  same. 

I n  a d d i t i o n ,  materials t h a t  were known t o  be LOX compat ib le  and 

t h a t  could  be a p p l i e d  as an adherent  c o a t i n g  over t h e  MA-25S 

material were e v a l u a t e d  f o r  t h e i r  p o t e n t i a l  p r o t e c t i o n  c a p a b i l i t y .  

L o  MA-25S 

2. Top Coat Material6 
a )  Vydax AR 

b )  Dc 90-090 

5 .  Top Coat Material 
Applied over MA-2% 

a )  MA-ZgS/Vydax AR 

b) MA-25S/DC 90-090 

-~ - 

A summary of t h e s e  r e s u l t s  were: 

I Mat e r ia l  

Threshold  Level  

F t - lb  

80 (compat ib le ) ,  

80 (compa t ib l e )  

F t - lb / ln2  



The DC 90-090 m a t e r i a l ,  a l though a s i l i c o n e  base material, 

w a s  found t o  be compatible .  Most s i l i c o n e  materials a r e  no t  LOX 

compatible .  When s i l i c o n e  m a t e r i a l s  a r e  compounded f o r  a b l a t i o n  

a p p l i c a t i o n s  t h e  d e n s i t y  is  lowered e i t h e r  by foaming or 

i n c o r p o r a t i o n  of s y n t a c t i c  foam f i l l e r s .  The p resence  of  t h e s e  

b u i l t  i n  a i r  pocke t s  lower the t h r e s h o l d  l e v e l  of impact  seusi- 

t i v i t y  due t o  a d a b a t i c  compression of t h e  en t r apped  air .  Th i s  

e x p l a i n s  t h e  low impact l e v e l s  determined w i t h  t h e  MA-25s and  

o$her  c a n d i d a t e  e l a s t o m e r i c  s i l i c o n e  a b l a t i v e  m a t e r i a l s .  

Aithough the  DC 90-090 m a t e r i a l  d i d  no t  a p p r e c i a b l y  i n c r e a s e  

t h e  t h r e s h o l d  l e v e l  of impact s e n s j t i v i t y ,  t h e  material w a s  

Relecterl  as a t o p  c o a t  m a t e r i a l  because of t h e  improved a b r a s i o n  

r e s i s t a n c e  i t  impar ted  t o  the  m a t e r i a l .  A t o p  c o a t  w a s  a l s o  

d e s i r a b l e  s i n c e  i t  would l i m i t  t h e  mig ra t ion  of a b l a t o r  p a r t i c l e s  

i n t o  compartments of t h e  X-15-2. 

A d d i t i o n a l  LOX impact t e s t i n g  conducted a t  Mar t in  where t es t  

p a n e l s  were submerged i n  l i q u i d  oxyqen and impacted a t  v a r i o u s  

1.evels  r e v e a l e d  t h a t  t h e r e  was no a u d i b l e  n o i s e  and o n l y  e l i g h t  

p a n e l  d i s c o l o r a t i o n  t o  t h e  approximate 30 f t - l b  l e v e l .  A t  t e s t  

l e v e l s  above 30 f t - l b  t h e r e  was a n  a u d i b l e  n o i s e  accompanied by 

a f l a s h  w i t h  material deg rada t ion  a t  t h e  impact  l o c a t i o n .  The 

most s i g n i f i c a n t  r e s u l t  was t h a t  t h e r e  was no p ropaga t ion  of 

d e t o n a t i o n  a c r o 8 s  t h e  material. Where bu rn ing  occur red ,  t h e  

material w a 8  n o t  6 e l f - e x t i n g u i s h i n g '  u n t i l  a l l  trace8 of l i q u i d  

had evapora t ed  from t h e  pane l  surface. 
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Currently,  m o d i f i c a t i o n s  are be ing  made t o  the  X-15-2 l i q u i d  

oxygen system and contamination c o n t r o l  procedures are b e i n g  

developed for the  a b l a t i v e  mater ia l  a p p l i c a t i o n  t o  prevent t h e s e  

materials from e n t e r i n g  areas where they c o u l d  p o s e i b l y  come i n  

contact with  l i q u i d  oxygen. . 



VI. PHYSICAL PROPLTTIES TZSTING 

Kachanical  a n d  thermal  p r o p e r t i e s  t e s t s  were conducted by 

t h e  M a t e r i e l s  Engineer ing  Labora to r i e s ,  Mart in-Bal t imore,  on t h e  

primary MA-25s a b l a t o r  and s e l e c t e d  l e a d i n g  edge and hard  p o i n t  

m a t e r i a l s .  A l l  v a l u e s  t o  be r e p o r t e d  i n  XR-10 were a s c e r t a i n e d  

by t e h t i n g  i n  conformance t o  a p p l i c a b l e  t e s t  methods d e f i n e d  i n  

XI?-? an3 XR-3. 

The thermal  p r o p e r t i e s  d a t a  were u t i l i z e d  as i n p u t s  t o  t h e  

Mar t in  T-CAP 111 c h a r r i n g  a b l a t i o n  computer program. T h i s  

program is used t o  a n a l v t i c a l l y  determine t h e  t h i c k n e s s  of materials 

req i i i red  and expec ted  s t r u c t u r a l  t emTera tures  f o r  t h e  X-15-2 des ign  

mfssions.  
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V T T  PLAXA ARC THdHbIAL P3HFORMANCZ EVALUATIONS 

PI ~ ~ m a  arc material s scr-eenini: t e a t s  and s e l e c t e d  mater ia l s  

performance t e s t s  were conduc te i  i n  t h e  Mar t in  Company, 1 MW 

F-5000 Plasma Arc t e s t  f a c i l i t y .  

c a n d i d a t e  leadint? edRE nad hard p o i n t  mater ia l s  were e v a l u a t e d  

a+ s i m u l a t e d  h e n t i n r  rate a n d  enthalpy c o n d i t i o n s  c h a r a c t e r i s t i c  of 

t t i 9  environment expec ted  on t h e  X-15-9 a i r p l a n e .  Hea t ing  rates of  

14r) a n d  47 E!tu/ft2-sec at en tha lpy  l e v e l s  of 1300 and 600 Btu/ lb  

were s e l e c t e d  for l ead inR edqe scrcsninC: tes ts .  Hard p o i n t  

m a t e r i a l  s c r e e n i n g  t e s t s  were performed a t  h e a t i n g  ra tes  of 15 and 

2 Bti>,/ft---sec an3  an Qn tha lpy  l e v e l  of  6OC Btu/lb. Materials were 

s e l e c t e d  on t h e  b a s i s  o f  th.z!r t h e r m a l  a b l a t i o n  performance and 

',k? actual r e s u l t s  a r e  documented I n  XR-14. 

7 

Abla t ion  performance toflt:. were conducted on v a r i o u s  t h i c k n e s s e s  
2 o f  t h e  MA-25S m a t e r i a l  a t  h o o t i n s  ra tes  from I? t o  15 Btu / f t  -6ec t o  

y i e l d  back face t empera tu res  of 6 0 0 0 ~  and ROCOF a t  t e s t  complet ion.  

These d a t a  were de termine?  t o  p e r n i t  c o r r e l a t i o n  o f  t h e  the rma l  

p r o p e r t i e s  and  a b l a t i o n  model u t i l i z e d  i n  t h e  Mar t in  T-CAP 111 

c h a r r i n g  a b l a t i o n  computer program. Development of a n  a n a l y t i c a l  

p r n c e h r e  t o  d e s c r i b e  t h e  thermal  a b l a t i o n  performance of a 

material  i s  impor t an t  t o  design t h e  the rma l  p ro tec t ion  system. 

Results of this t e s t i n g  are documented in XR-15. 

. 
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'JITI, SUMMARY OF TEST SFECTFICATTONS - A N D  TEST REPORTS 

XR-1,  Heat Sh ie l  d Mr~tcriia1.s Cornpat ih i l i ty  T e s t s  

XR-2,. Heat S h i e l d  M a t e r i a l s  Mechanical P rope r ty  T e s t s  

Xi?-3, Heat Sh ie ld  M a t e r i a l s  Thermal P rope r ty  Terits 

XB-4 9 MA-?SS Abla t ion  P r o p e r t i e s  T e s t  Plan 

XR-5,  MA-27S Process  Tolerance T e s t  Plan 

XR-6, Leadjnr: Edre & Fard Poin t  M a t e r i a l s  Screening  
TeRt PI an  

XR-7, F l i g h t  T e s t  Plan - F i r s t  F l i g h t  

XR-3, Leading Edge b Hard Po in t  M a t e r i a l s  Requirements 

XI?-9, Antenna P r o t e c t i o n  T e s t  Plan 

XR-10,  M a t e r i a l s  Design Data Book ( t o  be pub l i shed)  

XR-11,  Leading Edp3 PL: Hard Point M a t e r i a l  Ab la t ion  
P r o p e r t i e s  Tec t F lan  

,XH-I2, Heat Shdeld h s i g n  Aprrroaches f o r  S p e c i a l  Areas 

XR-12A, XR- l3B,  Revised XR-3.2 

XR-13,  F l i g h t  Teet Plan - Second F l i g h t  

XR-14, Leading Edge & Har4 Point  Screening  T e s t  Report  

X R - 1 5 ,  MA-25S Abla t ion  P r o p e r t i e s  T e s t  Report  

XR-16, General Compa t ib i l i t y  T e s t s  

XI?-17, L.O.X. Impact Tes t  P l an  

XR-19, Leading Edge t Hard Po in t  Materials Abla t ion  

XR-19, Abla tor  Contamination P r o t e c t i o n  Plan 

XR-20, Demonstration Plan - Contamination C o n t r o l  

XR-21, F l i g h t  T e s t  Plan - Thi rd  F l i g h t  

P r o p e r t i e s  T e s t  Report 

. 


